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(57) 

[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

High-sensitivity / hirometaiikika of ultrasound probe is achieved, performance enhancement is planned. 
[SOLUTION] 

It is compound piezoelectric material including acoustic impedance having done compound 
piezoelectric material comprising of small resin with ultra audible sound transmit and receive Motoko 
than ko* stem piezo monocrystal and the piezo monocrystal and ultrasound probe, and an electric 
mechanical coupling coefficient of piezo monocrystal is k 33 /K t Df 1.6, and acoustic impedance Zp of 

the resin which is filled uses a thing of Zp □ ... 4*10 6 kg/m 2 s. 



[WHAT IS CLAIMED IS:] 
[Claim 1] 

Ultrasound probe; comprising: The piezo monocrystal that electric mechanical coupling coefficient k 3 

and a relationship with k t are k 33 /K t Df 1.6, An ultra audible sound transmit and receive element 

comprising of compound piezoelectric material with the resin that acoustic impedance Zp is Zp □ . . . 

4*10 6 kg/m 2 s. 
[Claim 2] 

Ultrasound probe; according to claim 1 wherein; Resinous acoustic impedance Zp 1*10 are S1X □ . . . 

4*10 6 kg/m 2 s. 
[Claim 3] 

Ultrasound probe; according to claim 1 wherein; When piezo monocrystal expressed with Pb 

[(Bl, B2) l x Ti J O 3 , with x =0.05-0.55, Bl, of Zn, Mg, Ni, Sc, In and Yb , at a minimum,, kind, B2, 

of Nb and Ta , at a minimum, it is a kind. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to ultrasound probe used by ultrasound diagnostic devices. 
[0002] 

[PRIOR ART] 

As for the ultrasound probe, is composed piezoelectric material as an entity, ultra audible sound is 
turned to an object, and it is irradiated, is used by receiving a reflected wave from different interface of 
acoustic impedance in the object to make an internal state of an object pictorial image. For example, in 
the ultra audible sound image device that such an ultrasound probe is adopted, medical service diagnosis 
equipment to inspect the human organism inside and test equipment for the purpose of metal welding 
internal flaw detection are given. 
[0003] 

In medical service diagnosis equipment, the diagnosis ability improved velocity after the fashion of 
blood by development of "the collar flow mapping (CFM) law" that could display a collar with 2 
dimensions using terrible pula shift by bloodstream of ultra audible sound for a heart, a liver, a carotid 
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as well as coaxial tomography of human organism (B transmission mode image) by leaps and bounds. In 
late years this CFM method is used by every internal organs, organic diagnoses of human organism such 
as the womb and a kidney, pancreas, the high-sensitivity equipment which can diagnose the blood clot 
which it makes ultrasound probe touch surface of a body face, and, by way of example only, it was 
possible for to a blood vessel of a heart is aimed at, and, in the future, investigation does. 
[0004] 

In that case of B transmission mode image, pictorial image of the high resolution that a small mental 
change caused by a disease and air gap by alteration of body can watch distinctly to a deep part being 
got by high-sensitivity is called for. On the other hand, As for the signal level it is compared in the case 
of the above-mentioned B transmission mode, and to be provided, kokandoka is called for in what is 
small more to use a return echo from minute blood corpuscle of number of the diameter mu m degree in 
that case of the terrible pula transmission mode that can get CFM image. 
[0005] 

In a place, Various phonetic symbols are considered to be from ultrasound probe in itself or equipment 
side to achieve kokandoka conventionally. Affect of the piezoelectric material which is an ultra audible 
sound transmit and receive element when the B transmission mode is looked at is big. An electric 
mechanical coupling coefficient increases for piezoelectric material and there seems to be a little loss by 
cable and equipment floating capacitance minute, and big material of the dielectric constant which 
matching with transmitter-receiver circuit is easy to be taken as is used, a zircon titanic acid lead stem 
piezoelectric ceramic (PZT) is used as a master. 
[0006] 

On the other hand, The array type ultrasound probe that the ultrasound probe arranged strip of paper- 
shaped piezoelectric material around 10-200 is main flow, and the component count tends to increase 
with a request of kofimkainoka. However, Matching with transmitter-receiver circuit is hard to become 
produce from contact characteristics with the living body with incrementation of the component count 
not to be able to increase an aperture of acoustic emission side so that dimension per one element 
becomes small. 
[0007] 

In such no, dielectric constant employs piezoelectric material comprising of big material, and that 
laminating composes piezoelectric material is disclosed in U.S. Patent No. 4958327 description, that 
impedance conversion device is employed to German patent 372973 1 A 1 is disclosed. 
[0008] 

However, When relative permittivity of ceramic pro-PZT exceeds 4000, an electric mechanical coupling 

coefficient becomes small, it shows a tendency, issue to fall sensitivity produces newly. 

[0009] 

In addition, Transmission sensitivity accepts the number of the laminating by laminating framing, and it 
improves, but, receiver sensitivity is inversely proportional to laminating number, a vibrator usually 
depends on the field which can be applied to, and cases to have a long small case and cable are limited 
to application specially. 4 
[0010] 

In addition, At the same time when impedance conversion device of emitter follower is employed, to 
cause jumboization of ultrasound pfobe, sataiikika is caused by frequency characteristics characteristic 
OF an impedance conversion caliber. 
[0011] 

In addition, Piezoelectric material comprising of polymeric materials of the interpolymer is conventional 
and known in the art. However, Dielectric constant and an electric mechanical coupling coefficient are 
small, and these piezoelectric material is not practical. 
[0012] 

In addition, Compound piezoelectric material of the framing that buried piezoelectric material pillar and 
piezoelectric material powder in resin is known. For the configuration, it is proposed to Japanese Patent 
Laid-Open No. 57-45290, Japanese Patent Lai d-Open No. 58-21883, Japanese Patent Lai d-Open No. 
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60-54600, Japanese Patent Laid-Open No. 60-85699, Japanese Patent Laid-Open No. 62-122499, 
Japanese Patent Laid-Open No. 62-13 1700 as production method such as Japanese Patent Publication 
No. 54-19151, Japanese Patent Laid-Open No. 60-97800, Japanese Patent Laid-Open No. 61-53562, 
Japanese Patent Laid-Open No. 61-109400. 
[0013] 

There is merit an electric mechanical coupling coefficient compares with then acoustic impedance falls, 
and approaching it of the living body in compound piezoelectric material in the case of sheet metal by 
framing such as 1-3 mold or 2-2 mold, and to increase. Dielectric constant is big, and, in compound 
piezoelectric material, the PZT system piezoelectric ceramic that electric mechanical coupling 
coefficient k 33 is big is used as a master. 

[0014] 

However, As for the reality, there is issue that enhancement of an electric mechanical coupling 
coefficient is small in comparison with dielectric constant degradation by a thing including resin, 
element acreage is used by big single mold mechanical probe or anyurarei, and is not used most in 
phased array of main flow, konbekkusuarei, linear array. 
[0015] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

Like greater or equal, By means of a high dielectric constant piezoelectric ceramic of zircon titanic acid 
lead, method the method which connects impedance conversion device to an oscillator between cable 
and piezoelectric material are laminated, and to compose is known to realize ultrasound probe of high- 
sensitivity, but, there is the issue which seems to have mentioned above both. 
[0016] 

In addition, There is a problem in kokandoka of ultrasound probe about other piezoelectric material so 
that dielectric constant and an electric mechanical coupling coefficient are small. In addition, By 
compound framing with piezoelectric material and resin, it is compared with dielectric constant 
degradation, and there is issue that enhancement of an electric mechanical coupling coefficient is small, 
is not used in general purpose ultrasound probe. The present invention is directed to an offer of the 
ultrasound probe which is high-sensitivity more with a thing done in consideration of the above- 
mentioned period. 
[0017] 

[MEANS TO SOLVE THE PROBLEM] 

Piezo monocrystal that electric mechanical coupling coefficient k 33 extends to the present invention, 
and a relationship with k t is k 33 / 1 Df 1.6 and acoustic impedance Zp are ultrasound probe including a 
thing comprising an ultra audible sound transmit and receive element comprising of compound 

piezoelectric material with the resin which is Zp □ ... 4* 10 6 kg/m 2 s. 
[0018] 

Ultrasound probe concerning the present invention is explained referring to FIG. 1 in detail as follows. 
Plural compound piezoelectric material 1 comprising of monocrystal and resin divides on backing 
material 2 each other, and it is bonded. As for piezoelectric material 1, 2-2 mold which buried strip of 
paper-shaped piezoelectric material in resin as shown in 1-3 type and FIG. 3 that buried piezoelectric 
material of pillar shape in resin as shown in FIG. 2 is used. 
[0019] 

Each piezoelectric material 1 oscillates in arrow A orientation of figure. The first electrode 3 lasts for 
part of the flank and the transmit and receive face and face of the other side from ultra audible sound 
transmit and receive surface of each piezoelectric material 1, and it is turned, and it is crowded, and it is 
formed as electrode. But, It is turned, and it is crowded, and this the first electrode 3 may form only in 
the face which is perpendicularity in A orientation rather than electrode. In addition, The first electrode 
3 and desired spacing are separated, and, as for the second electrode 4, it is formed each by the transmit 
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and receive side and face of the other side of each piezoelectric material 1. An ultra audible sound 
transmit and receive element is configured by such piezoelectric material 1, above the first, the second 
electrode 3,4. 
[0020] 

As for sound matching layer 5, it is formed each by ultra audible sound transmit and receive face of each 
piezoelectric material 1 including each the first electrode 3. Two levels are become in figure, but, even 
more than one level and three levels are preferable. Acoustic lens 6 is formed over the whole of each 
sound matching layer 5. Common electrode board 7 is connected to each the first electrode 3. A lead of 
helix drawer from the second electrode 4 becoming individual electrode is connected with flexible 
printed wire board 8 by soldering and electrical conduction paste. 
[0021] 

The scholars of present invention found what could compose compound piezoelectric material without 
decreasing an electric mechanical coupling coefficient by doing acoustic impedance 4*10 of the resin 
which was filled at time with the use of piezo monocrystal of k 33 /K t Df 1.6 (coupling coefficient of 

thickness direction light-gage sheet-shaped k 33 coupling coefficient of length of pillar shape, k t ) with 

lower than SIX kg/m 2 s. Therefore, Acoustic impedance can be brought close to the living body with 

having maintained a high electric mechanical coupling coefficient. 

[0022] 

In that case of k 33 /K t <1.6, property as a share of an inheritance to probe performance enhancement by 

acoustic impedance degradation and coupling coefficient enhancement exceeds minus minute of 
dielectric constant degradation, but, sensitivity enhancement of the 2dB greater or equal which is 
significant difference is not satisfied, hirometaiikika going over 20% that are significant difference of 
band is not achieved with k 33 /K t <1.6 at the same time by enhancement degree of coupling coefficient 

being small. 
[0023] 

If acoustic impedance 4*10 of charging resin become bigger than S1X kg/m 2 s, an acquaintance, plus 
minute of acoustic impedance degradation and minus minute of dielectric constant degradation 
approximately offset in k t compound framing coupling coefficient when it was become. In addition, 

What practical use top 1*10 do more than S1X kg/m 2 s is desirable so that compound piezoelectric 

material goes low automatically if much acoustic impedance is small. 

[0024] 

When preferred, by way of example only, it expressed with Pb 

[Bl, B2] j x Ti x ] O 3 to use ko* system piezo monocrystal including titanic acid lead for piezo 

monocrystal at least, it is X =0.05-0.55, Bl: Zn, Mg, Ni, Sc, In and at least one kind of Yb, B 2 : It is Nb 

and at least one kind of Ta. This situation is desirable. 
[0025] 

[MODE FOR CARRYING OUT THE INVENTION] 

As follows, Embodiment of the present invention is explained. At first example 1 uses PbO of high 
purity, ZnO, Nb 2 O 5 , TiO 2 as departure charge stock chemically, after purity compensated these, 

spelter niobium acid lead (PZN) and titanic acid lead (PT) are 91:00 Weighing capacity is done in nine 
mole ratio, PbO of the same amount was doped as flux more. Conductivity water is added in this 
powder, it was mixed with the ball mill which ZrO 2 ball was put away in for one hour. After having 

removed moisture content of provided compost, it powders by rye chi airplane enough , even more 

particularly, it was put in caoutchouc container, and rubber was pressed in pressure of 2t /cm 2 
[0026] 

Solid matter 600g taken out from caoutchouc type are put in a diameter of 50mm, platina container of 
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capacity 250cc, it rose to 900 degrees Celsius in four hours, and it was dissolved. After cooling, 400g 
are paid for the more solid matter, platina is glued in cap made, the container was installed in center of 
an electric furnace. It raises temperature to temperature of 1260 degrees Celsius in five hours, after 
having done annealing to 800 degrees Celsius at the rate of 0.8 degrees Celsius /hr, it cooled off to room 
temperature. Afterwards, Nitric acid of 30% density is added in container made by the platina, it was 
boiled for eight hours, and ko* stem monocrystal was taken out. 
[0027] 

Provided monocrystal does configuration of an arrowhead, about 20mm dimension was squares. Part of 
the monocrystal is crushed, a thing having perobusukaito configuration is ensured when X-ray 
diffraction is done, and crystal structure is examined. Afterwards, rauekamera was used in the 
monocrystal, and <001> axial azimuth was cut with a cutting head in perpendicularity in soup stock, this 
shaft. 
[0028] 

It was abrasive material of # 2000 in the cut surface, and Ti/Au electrode was formed in double sided by 
sputter method after lapping in 500 die thickness mu m. Next, After this single crystal was dipped into 
silicone oil, and having put up to 200 degrees Celsius, it was cooled to 40 degrees Celsius that applied 
electric field of lkV/mm, and polarization attention was put. Afterwards, Electric mechanical coupling 
coefficient k 33 is measured with a machined thing in the shape of a stick of 300 mu m angle by dicing 

saw, k t was measured in condition of sheet metal. As a result, 92%, k t become 55% k 33 , k 33 /K t 

=1.67 Dt 1.6 were become. 
[0029] 

Next, After it was dicing saw in monocrystal of 500 die thickness mu m, and having put bezel of 450 
deep mu m (a limit of 50 mu m is left) to the letter of an array with 200 mu m die center distance by 
blade of 50 mu m atsu to make compound piezoelectric material, it was filled with disconnecting bezel 
of epoxy resin, and it was rigidified. In addition, Acoustic impedance 3*10 of used epoxy resin were S1X 
kg/m s. Next, Similar disconnecting bezel is formed, and epoxy resin is filled with a right angle as 
against former disconnecting bezel, it was rigidified. Afterwards, It was drained off, and it was had, and 
department was ground, and it was in mu m, and Ti/Au electrode was formed by sputter in double sided, 
and die thickness 400 did with compound piezoelectric material. In this state, 88% or extremely big 
value were provided when an electric mechanical coupling coefficient was measured. 
[0030] 

In accordance with exemplary embodiments, 1-3 type compound piezoelectric material was made in the 
above-mentioned method, but, it is not had to specify manufacture method in this. By way of example 
only, Monocrystal, from a beginning, full, it may be cut, and it is cut in the shape of a matrix from a 
beginning, and resin may be filled afterwards. In addition, It is drained off, and it is had, and department 
needs not to be completely removed. 
[0031] 

It is similar in type structure with greater or equal 2-2. Even more particularly, When epoxy resin is 
divided into two phases as in the preferred embodiment and is filled, the class may be changed. 
Repolarization attention may be given after manufacture in compound piezoelectric material. 
[0032] 

Next, Array type ultrasound probe was produced experimentally by means of this compound 
piezoelectric material. At first, It was turned, and it was crowded, and, for electrode part formation, one 
slit was approximately put in parallel in green by etch in one electrode. Next, Continuity was taken by 
electrical conduction paste, and it was turned, and it was crowded, and an end was done with electrode. 
In accordance with exemplary embodiments, it was turned, and it was crowded, and electrode was made, 
but, it is not necessary to be particular about this. 
[0033] 

Next, Electrical conduction paste is used, and flexible wiring board 8 and common electrode board 7 are 
connected to compound piezoelectric material 1 which formed electrode (Ti/Au) 3,4, after having 
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formed sound matching bed 5 in acoustic emission face side, it was bonded to backing material 2 with 
epoxy resin. Next, It was cut with 200 mu m die center distance in blade of 50 die thickness mu m by 
dicing saw. Acoustic lens 6 was bonded to this. Capacity 1 lOpF/m, a coaxial cable of 2m long were 
connected to flexible wiring board 8 in this, and an array probe was produced experimentally. In 
addition, In accordance with exemplary embodiments, array splitting was done by dicing saw, but, it 
may be carried out by electrode etch. 
[0034] 

An echo having center frequency of 2.48 □ } less than 0. 1MHz is received by all elements when a return 
echo is measured by pulse-echo method about this ultrasound probe , as for the ratio band of -6dB, it 
was to 93% with a mean. This band was the value which could set wide terrible pula reference 
frequency conventionally. 
[0035] 

Compound piezoelectric material is made by means of one comparative example zircon titanic acid lead 
type piezoelectric ceramic, array mold ultrasound probe was produced experimentally. At first, 75%, 
50% were become respectively, and k 33 /K t =1.5<1.6 was become when k 33 and k t were measured. In 

compound oshidentaika, it is sentenced to 1-3 type framing same as the present embodiment, 
disconnecting die center distance or charging resin did with equivalence condition, too. It was 70% 
when an electric mechanical coupling coefficient of compound piezoelectric material was measured. 
[0036] 

Next, The die thickness of compound piezoelectric material produced a probe experimentally as 550 mu 
m thicker than the present embodiment. The center frequency became approximately the same as 
2.52MHz or the present embodiment when a pulse-echo characteristic was measured. As thus described 
die thickness is changed, and it depends on acoustic velocity of piezoelectric material and a difference of 
coupling coefficient that center frequency became approximately the same. In addition, As for the crest 
value of an echo waveform, -7dB, -6dB ratio band become 76% in comparison with example 1, example 
1 was with high-sensitivity and a broad band characteristic. 
[0037] 

Because resin of S1X kg/m 2 s was filled with acoustic impedance 5*10, compound piezoelectric material 
same as two comparative example example 1 was made. 82% were become and became big in 
comparison with comparative example 1 when coupling coefficient was measured, but, it is smaller than 
example 1. 
[0038] 

Crest value of an echo waveform is compared with example 1, and, as for -2dB, the -6dB ratio band, it is 
to 89% when a pulse-echo characteristic of array type ultrasound probe produced experimentally by 
means of this compound piezoelectric material is measured, it is inferior to example 1 . 
[0039] 

By means of piezo monocrystal the same as three comparative example example 1, array mold 
ultrasound probe was produced experimentally without becoming a compound. Crest value of an echo 
waveform compares with example 1, and, as for -4dB, the -6dB ratio band, it is to 85% when a pulse- 
echo characteristic is measured, it was more preferable than comparative example 1, but, it was inferior 
to example 1, comparative example 2. 
[0040] 

The piezo single crystal showed embodiment on a ko* stem of spelter niobium acid lead and titanic acid 
lead and a comparative example as things mentioned above, but, the result which is similar with Mg, Ni, 
Sc, In, the thing which, at a minimum, was substituted for case with the use of part and Nb in part Ta of 
Yb is provided instead of Zn. 
[0041] 

In addition, Piezo single crystal was brought up by flux method in the embodiment, but, it may be made 
by the Bridgman method and kiropurosu method (fusion Czochralski method), zonmeruteingu method, 
aqua heat upbringing method. 
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[0042] 

In the embodiment, electrode was formed by sputter method, but, silver is printed, and law and 
evaporation method may be used. In addition, If electrode material charges are things having 
predetermined conductivity and cohesion coke strength such as Ni/Au or Cr/Au replacing with Ti/Au, is 
not limited. 
[0043] 

[EFFECT OF THE INVENTION] 

As discussed above, According to the current invention, an electric mechanical coupling coefficient of 
piezo monocrystal is k 33 /K t □ f 1.6, and sensitivity enhancement gets possible to be achieved by 

composing the ultrasound probe which did the compound piezoelectric material which acoustic 
impedance Zp of resin made Zp □ . . . 4* 10 6 kg/m 2 s with ultra audible sound broadcast reception 
Motoko. Even more particularly, a broad band characteristic can be got, prominent effect is played for 
diagnosis ability enhancement of medical service diagnosis equipment in what can set wide terrible pula 
reference frequency. 



[BRIEF DESCRIPTION OF DRAWINGS] 
[ FIG. 1 ] 

It is a perspective diagram showing framing of ultrasound probe concerning the present invention. 
[ FIG. 2 ] 

It is a perspective diagram showing configuration of compound piezoelectric material concerning the 
present invention. 
[ FIG. 3 ] 

It is a perspective diagram showing configuration according to a thing of compound piezoelectric 
material concerning the present invention. 
[DENOTATION OF REFERENCE NUMERALS] 

One . .. piezoelectric material Two .. . backing material Electrode of one or two 3,4 ... Five ... sound 
matching layer Six ... acoustic lenses Seven ... earth plate (common electrode board) Eight ... flexible 
wiring board 21 ... piezoelectric material 22 ... resin 
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